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DESTRUCTION NOTICE 

WHY — To prevent the enemy from using or salvaging this equip- 
ment for his benefit. 

WHEN — When ordered by your commander. 

HOW — 1. Smash — Use sledges, axes, handaxes, pickaxes, hammers, 

crowbars, heavy tools, etc. 

2. Cut — Use axes, handaxes, machetes, etc. 

3. Burn — Use gasoline, kerosene, oil, flame throwers, in- 

cendiary grenades, etc. 

4. Explosives — Use firearms, grenades, TNT, etc. 

5. Disposal — Bury in slit trenches, fox holes, other holes. 

Throw in streams. Scatter. 

6. USE ANYTHING IMMEDIATELY AVAILABLE FOR 
DESTRUCTION OF THIS EQUIPMENT. 

WHAT — 1. Smash — Generator and exciter frames, instruments on 

front and rear of control panel, cylinder heads 
and cylinder blocks, manifolds, batteries, 
crankcase, carburetor, magneto, starting 
motor, charging generator, air filter, fuel tank, 
muffler. 

2. Cut — Remote control and power cables, ignition wires, 

battery cables, exhaust tubing, remote fuel line, 
field and armature windings. 

3. Bend and/or break — Unit housing, base and control 

panel and housing. 

4. Burn — All wires, cables, manuals and other combusti- 

ble material. 

5. Bury or scatter — Any or all of the above pieces after 

breaking. 

DESTROY EVERYTHING 


SAFETY NOTICE 

Operation of this equipment involves the use of dangerous voltages. 
Observe all precautions and safety regulations. If this power unit is 
operated within a building, make certain that all exhaust connec- 
tions are gas tight and that the room is properly ventilated. 

Carbon monoxide, contained in exhaust gases, is tasteless, odorless 
and a deadly poison! 

Do not attempt to work on this unit unless the remote control cable 
has been disconnected. 

Do not service with gasoline while the unit is operating or in 
proximity to an operating transmitter. 

Avoid spilling gasoline on the unit when filling the fuel tank. 
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SECTION I — DESCRIPTION 

1. GENERAL#. — a. Description. — Power Unit PE-99-B is a 
self contained, gasoline-engine driven electrical generator. The unit 
will furnish 7.5 kva, 120-volt, 60-cycle, 3 phase, alternating current. 
The engine is mounted forward of and above the generator on a 
welded steel skid base and is driven by means of 5 parallel V-belts. 

b. Components. — Power Unit PE-99-B consists of the following 
components : 

(1) One four-cylinder, four-cycle gasoline engine. 

(2) One 120-volt, a-c generator with exciter. 

(3) Two six- volt storage batteries. 

(4) One steel-enclosed control panel. 

(5) One engine exhaust muffler and flexible exhaust tube. 

(6) One remote control cable with Start-Stop switch on a reel. 

(7) One power cable on a reel. 

(8) One set of spare parts. 

(9) One set of tools. 

(10) One spare parts and tool box. 

2. DETAILED DESCRIPTION. — a. Engine. — The engine is a 
four-cycle, four-cylinder, air-cooled, V-type unit. It has a 3-inch 
bore, 3 (4 -inch stroke, 91.9 cubic inch piston displacement and 
develops 20 hp at 2,200 rpm. A fuel pump is provided to draw fuel 
from either the built-in or an external fuel tank. A three-way 
valve, directly below the built-in fuel tank, enables selecting the 
source from which the fuel is to be drawn. A conventional fuel 
filter is provided through which all fuel must pass. This prevents 
foreign matter and water from getting into the carburetor. The 
engine is cooled by means of a flow of air which is created by a fan- 
type flywheel and directed by ducts and baffles within a metal 
enclosure. 

b. A-C generator. — The generator is of the revolving field, semi- 
enclosed, drip-proof type with a direct-connected exciter. Driven 
at 1800 rpm, it has an output of 7.5 kva, 120 volts, 60 cycles, alter- 
nating current. The generator bearings are lubricated by means of 
pressure-gun fittings through which semi-fluid grease is forced to 
the bearings by use of a pressure grease gun. 

c. Assembly . — (1) The entire unit, including the engine, gen- 
erator and accessories is mounted on a welded steel skid base and 
frame. The engine is completely enclosed within a sheet metal 
housing. An adjustable mounting is provided for the generator to 
enable adjustment of the generator drive belts. A fuel tank of 7 
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10. Control Cabinet 

11. Engine 

12. Switch for Hand Cranking 

13. Hand Crank 

^ 14. Pipe to Insert Bar for Carrying Unit 

15. 6- Volt Battery 

16. Terminals for Power Cables 


Figure 2. — Power Unit PE-99-B, Terminal Side View 
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SECTION I 

gallons capacity is housed at the top center of the unit and pro- 
tected by a sheet metal shield. The control panel, on which all 
necessary switches, meters and voltage regulating equipment are 
mounted, is housed yvithin a sheet metal cabinet at the opposite end 
of the unit to the engine. This cabinet is provided with a removable 
door to permit access to the various switches and controls. 

(2) Two six- volt storage batteries, which supply the necessary 
power for the starting motor, are mounted on the skid base, one on 
each side of the main generator. These batteries are connected in 
series by a connecting cable extending across the top of the a-c 
generator. The tool box is mounted on the skid base and acts as a 
support for one side of the control panel cabinet. The other side of 
this cabinet is supported on a metal cabinet which houses the power 
cable terminals. 

d. Starting equipment . — This unit is provided with a three- 
position switch to enable starting either by means of the electric 
starter or, in an emergency when the batteries are in a discharged 
condition, by means of a hand crank. The starting motor is of con- 
ventional automotive type with Bendix drive and is mounted at one 
side of the crankcase. A START button is provided on the control 
panel to enable starting the unit from a local position, while a 
remote control switch, attached to the end of the remote control 
cable, is furnished to enable starting and stopping the unit from 
a remote position. 

e. Ignition . — A high tension magneto of special design provides 
the necessary spark for igniting the fuel within the cylinders. This 
magneto is furnished with an impulse coupling. 

/. Carburetor . — The carburetor is of the fixed jet, float feed 
type, and is provided with an automatic choke to aid in starting. 
The throttle is controlled by a mechanical governor of the flyball 
type. 

g. Control panel . — The control panel is made of steel and is 
completely housed within the control cabinet. On it are mounted 
the following: 

1 — Elapsed-time meter. 

1 — Voltmeter, 0-150 volts a-c. 

1 — Three-position, phase-selector switch. 

3 — Ammeters, 0-50 amps. One for each phase. 

1 — Three pole, 60 amp. circuit breaker. 

1 — Two wire, 15 amp. duplex receptacle. 

3 — Binding posts for remote control connections. 
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1. Battery Charging Ammeter 10. 

2. Panel Lights 11. 

3. Elapsed Time Meter 12. 

4. Circuit Breaker 13. 

5. 0-150 a.c. Volt Meter 14. 

6. Phase Selector Switch 15. 

7. 0-150 Ammeters 16. 

8. Stop Button 17. 

9. Convenience Outlets 


Remote Control Receptacle 
Start Button 

Remote Control Terminal Block 
Voltage Regulator ON-OFF Switch 
Voltage Regulator (in back of panel) 
Voltage Regulator Rheostat 
Frequency Meter 
Field Rheostat 


Figure 3. — Control panel 
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1 — Field rheostat and control knob. 

1 — Automatic voltage regulator with control knob. 

1 — Three-contact receptacle for remote control cable. 

2 — Pushbutton-type switches ; one START ; one STOP. 

1 — Three-position toggle switch for voltage regulator. 

2 — Twelve-volt, dash-type lamps. 

h. Accessories.— Each unit is supplied with the following acces- 
sories : 

1 — Cable reel with 150 feet of three- wire power cable. 

1 — Cable reel with 150 feet of remote control cable and switch. 

1 — Exhaust muffler. 

1 — Flexible exhaust tube. 

1 — Length of flexible fuel line for remote fuel supply. 

1 — Tool kit. 


REMEMBER THESE POINTS 

1. Don’t attempt repairs or adjustments to this unit unless 
you are sure what you’re doing. 

2. Watch your lubrication ; check the oil level every 5 hours. 

3. Don’t take chances with carbon monoxide; keep your ex- 
haust line gas tight and be sure you have proper ventila- 
tion. 

4. Be sure there is no dirt in your oil and gasoline. 

5. Keep your air filter clean. Watch this closely in dusty 
locations. 

6. Keep the unit as clean as possible. Dirt on the cooling fins 
and in the air passages will cause overheating. 

7. Don’t expose your unit to rain or dampness. Electrical 
equipment and water don’t mix. 

8. Look out for shock. Don’t touch exposed wires. 

9. Go over your unit daily and tighten all screws and nuts. 

10. Don’t spill gas on your unit when filling the tank. It may 
catch fire. 

11. Always warm up your unit before applying a load. 

12. Study this book. Keep it handy. It’ll save you plenty of 
headaches. 
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20 


17. Removable Door 

18. 3 Pole 60 Amp. Receptacle 

19. Hole for Cables 

20. Exciter 

21. Generator 


Figure 4. — Power Unit PE-99-B, Exciter End View 
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SECTION II — INSTALLATION AND OPERATION 

3. INSTALLATION.— a. Power Unit PE-99-B may be used for 
either field work or indoor installation. The unit should be installed 
in as clean, dry, level, and accessible a location as possible. Ample 
provision for ventilation and cooling must be made. When installed 
indoors, at least two feet of space must be provided around all sides 
of the unit. 

b. The muffler is attached to a pipe connected to the exhaust 
manifold, and a flexible exhaust tube is provided to carry exhaust 
gases away from the unit. (See 3 e.) 

c. When fuel is to be taken from a remote supply tank, a 20-foot 
flexible fuel line, supplied with the unit, must be connected from the 
remote tank to the 3- way valve in the fuel line, and the valve placed 
in the proper position for taking fuel from this tank. 

d. The remote fuel supply connection must be so made that the 
total fuel lift, by the fuel pump, will not be more than six feet. 

e. To install the exhaust hose and muffler, screw the exhaust 
hose into the fitting provided for it through the hole in the engine 
housing, and screw the muffler into the fitting on the other end of 
the exhaust hose. 

4. PREPARATION FOR USE. — a. Fill the gasoline tank with 
clean gasoline. Blow through the vent in the filler cap to make sure 
it is clear. An indicator fuel-gauge is provided on the top of the 
tank. If a remote fuel supply is used, connect the flexible fuel line 
from the remote tank to. the pump. Set the fuel line valve in the 
proper position for the supply to be used. 

b. Remove the bayonet-type oil gauge, next to the starting 
motor, 235, figure 14, and see that the oil level is up to the full 
mark. Replenish, or if empty, fill with 4 quarts of oil, through the 
oil filter, 160, figure 13, in accordance with instructions under Sec- 
tion IV, Maintenance. Fill the air cleaner, 1, figure 1, with the 
same grade oil as used in the crankcase, to the indicated level. 

c. Make the necessary load connections. Terminal studs and a 
3-phase receptacle are provided for connecting the 3-phase main 
load (figure 4). Three single-phase circuit connections are pro- 
vided. Circuit No. 1 is a duplex, twist-tight receptacle, Circuit No. 
2 is equipped with plug receptacles and Circuit No. 3 is provided 
with a terminal block. 
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d. To start the engine, proceed as follows : 

(1) Check the selector switch, 12, figure 2, and make sure its 
handle is in a horizontal position with the arrow pointing to the 
right. This switch must be in this position when using the electric 
starter. 

(2) Place the three-way fuel supply valve in the correct position 
for the fuel supply to be used. Next, if fuel is to be drawn from 
the local supply tank, open the gasoline shut-off valve below the 
fuel tank. 

(3) Press the START button, 11, figure 3, or operate the remote 
control switch to the start position. The engine will normally start 
within a few seconds. If the engine does not start within about 30 
seconds, refer to the trouble chart on page 39 and check for the 
possible cause. 

(4) As soon as the unit starts, check the oil-pressure gauge to 
make sure that the lubrication system is operating properly. Next, 
check the battery-charging ammeter, 1, figure 3, to make sure that 
the battery charging equipment is functioning properly. This meter 
needle will swing to the right to indicate the rate of charge and to 
the left to indicate discharge. Normally there should be no dis- 
charge indicated while the unit is in operation or standing idle. 

(5) Permit the unit to operate without load for about 15 min- 
utes, except in cases of extreme emergency before any load is ap- 
plied. The voltmeter, 5, figure 3, will indicate the voltage on the 
phase at which the PHASE switch, 6, figure 3, is set. 

(6) Stop the unit by pressing the STOP button and make the 
necessary load connections. CAUTION: Do not make or change 
load connections without taking due precautions against shock. 

(7) Restart the unit and close the circuit breaker, 4, figure 3. 
Should the circuit-breaker kick out, it is an indication of an over- 
load and the load should be checked before again closing the circuit- 
breaker. 

e. To prime the motor . — If the motor fails to start, the car- 
buretor may be incorrectly adjusted or dirty, the fuel line dirty or 
clogged, or the gasoline tank empty. To determine the cause, check 
the fuel supply and prime the motor by removing the spark plugs 
and pouring a small quantity of gasoline into the cylinders. Replace 
the spark plugs and crank the motor. If it fires for three or four 
revolutions and stops, the difficulty is definitely in the fuel system. 
If motor will not fire at all, check the ignition system, and refer to 
the trouble chart for possible cause. 
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f. Starting with dead battery . — When necessary to start the 
engine with a dead battery, remove the starting crank, 13, figure 2, 
and insert it in the hole in the center of the air shroud, 8, figure 1. 
Push the crank in until it contacts the end of the crankshaft and 
rotate it clockwise until it engages the starting pin. Next, set the 
switch, 12, figure 2, with the handle horizontal and the arrow 
pointing to the left. Crank the engine by pulling up quickly on the 
starting crank. Never attempt to push down on the crank as seri- 
ous injury may result if the engine should backfire. To stop the 
unit, when operating with a dead battery, throw the switch, 12, 
figure 2, to a perpendicular position with the arrow pointing up. 
This switch should be set with the handle horizontal and the arrow 
pointing to the right when the electric starter is being used. 

g. Voltage regulation . — Voltage is automatically regulated by 
the automatic voltage regulator mounted on the back of the control 
panel and adjusted by the knob, 15, figure 3. Voltage may be ad- 
justed by means of this knob while the unit is in operation. The 
automatic voltage regulator may be disconnected by throwing the 
toggle switch, 13, figure 3, to OFF. This automatically transfers 
the voltage regulation to the field rheostat which is adjusted by 
means of the knob, 17, figure 3. 

5. BATTERY INSTRUCTIONS.— a. When ready to place the 
battery in service, remove the wooden stoppers from the holes in* 
the filler plugs. Remove the filler plugs and if the batteries are dry- 
charged, fill all cells with battery-grade electrolyte. Use 1.258 (32° 
Baume) specific gravity (tropical countries — 1.225, (27° Baume). 
Electrolyte is supplied with the unit when dry-charged batteries 
are supplied. After filling, allow the battery to stand until the 
temperature of the electrolyte has dropped to 90° F (32° C) or 
lower. Add electrolyte so that it is about one-half inch above the 
top of the separators. Then charge at a 7-ampere charging rate. 

b. While charging, test the center cell with an all-glass ther- 
mometer. Keep the temperature below 110° F (43.3° C) (125° F, 
51.6° C for tropical countries) while charging. To reduce the tem- 
perature, lower the charging rate or stop charging until the solution 
cools. It will require from 24 to 40 hours to bring the battery to a 
fully charged condition. After 20 hours of charging, take hydrom- 
eter readings. The battery is fully charged when there is no further 
rise in specific gravity during five consecutive hours of charging. 

NOTE: In tropical countries, reference to specific gravity of 1.285 
(32° Baume) will be interpreted as 1.225 (27° Baume). 
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c. If at the end of the charge, the specific gravity in any cell is 
above 1.285 (32° Baume), remove some of the solution and add 
distilled water. Add electrolyte if the specific gravity is low, and 
continue charging for one to two hours to mix the solution. All 
cells should read 1.285 (32° Baume) before the battery i& placed in 
service at 80° F (26.6° C) with the solution level one-half inch 
above the separators. 

CAUTION : Be sure the wooden stoppers have been removed from 
the vent plugs to allow gas to escape from the battery cells. 

d. Battery power rating : 

Minimum capacity at 20-hour rate — 116 ampere-hours. 

Minimum time at 300 amperes 0° F — 4.3 minutes. 

Minimum 5 sec. voltage at 300 amperes 0° F — 4.35 volts. 

Maximum overall dimensions — length 10*4 in., width 7 in., height 
9 3/16 in. 

e. Type 2 H batteries have rubber containers and separators. 

6. AUTOMATIC VOLTAGE REGULATOR.— a. The regulator 
ON-OFF switch, 13, figure 3, is used to place the automatic voltage 
regulator either in or out of the circuit. With this switch in the 
OFF position, the generator voltage may be manually regulated by 
means of the field rheostat, 17, figure 3. When this switch is ON, 
‘the automatic voltage regulator resistance is in the field circuit and 
automatic regulation will take place. Line voltage may be adjusted 
by means of the knob, 15, figure 3, which adjusts the automatic 
voltage regulator rheostat. It is not necessary to turn the regulator 
OFF when the unit is shut down as the regulator will function 
normally as soon as the unit is again started. 

b. When the unit is first started, set the automatic regulator 
rheostat in the maximum resistance position and gradually reduce 
the resistance until the a-c voltmeter, 5, figure 3, reads between 100 
and 140 volts. Automatic voltage regulation should begin between 
100 and 140 volts. Failure of the automatic regulator to function 
at this voltage is an indication of faulty wiring and the connection 
should be checked. 
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SECTION III — FUNCTIONING OF PARTS 

7. REFERENCES. — The functioning of internal combustion en- 
gines, carburetion and ignition systems is completely covered in the 
following technical manuals : 

TM 10-570 — The Internal Combustion Engine. 

TM 10-550 — Fuels and Carburetion. 

TM 10-580 — Automotive Electricity. 

8. AUTOMATIC CHOKE CONTROL.— a. Description.— (1) 
The automatic choke control is a unit operating independently of 
the carburetor unit. While the function of the choke control unit is 
to furnish the proper amount of choke valve opening during the 
cranking and warming-up period of the engine, its operation de- 
pends entirely upon manifold vacuum and heat on the thermostat 
spring. 

(2) The vacuum piston, link and lever assembly, 6, figure 5, 
opens the choke valve when the engine begins to fire. This is accom- 
plished by means of a rod hook-up from a lever on the automatic 
choke control unit to a choke lever attached to the choke valve-stem 
of the carburetor unit. 



Figure 5. — Automatic choke diagram 
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b. Functioning . — (1) When the engine ignition is turned off 
and the engine allowed to stand, the heating coil, 20, figure 5, in 
the thermostat assembly, 21, figure 5, cools, since its source of heat 
derived from the same current source as that which supplies th. 
ignition, is no longer present. 

(2) As the heating coil cools, the thermostat spring, 17, figure 5, 
also cools and gradually rotates the choke lever, 15, figure 5, closing 
the choke valve in the carburetor. The automatic choke control and 
choke valve remain in this position while the engine is not in opera- 
tion, and also during the cranking period. 

(3) The thermostat assembly, 21, figure 5, is directly connected 
at the hot wire post, 10, figure 5, by a wire to the ignition switch 
of the engine. When the ignition switch is turned on, the thermo- 
stat heating coil, 20, figure 5, is heated by the passage of current 
through it. 

(4) When the engine is started, a vacuum is created in the mani- 
fold. The automatic choke unit, connected by means of a tube from 
the vacuum line union, 8, figure 5, to the intake manifold, is now 
subjected to the manifold vacuum which actuates the vacuum 
piston, link and lever assembly, 6, figure 5. As the heating c' 
20, figure 5, heats up, with the closing of the ignition switch, th 
thermostat spring, 17, figure 5, also tends to heat and lose its ter 
sion. This enables the vacuum piston, through its link and leve" 
assembly, to pull in a direction opposite to the spring tension am 
actuate the choke lever, 15, figure 5, so as to open the choke an 
permit normal operation of the engine. 

9. IMPULSE COUPLING. — The impulse coupling facilitates 
starting the engine, and at the same time automatically retards the 
ignition spark while starting. Through this device, the rotor of the 
magneto is held back while the engine is turned over to its firing 
position at which instant the pawls of the coupling release and the 
rotor is snapped forward at high speed, thereby producing an in- 
tense spark, automatically retarded to prevent backfiring. Since 
the ignition spark must occur each 90° of its rotation, two stop-pins 
are required to engage the coupling pawls at proper intervals. To 
provide positive pawl action over the cranking speed range, indi- 
vidual torsion-type pawl springs have been provided, with the result 
that a certain amount of impulse action may be expected up to 
500 rpm. 

10. VOLTAGE REGULATOR. — a. General . — (1) The voltage 
regulator is an instrument which performs the functions of an auto- 
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matic' field rheostat to provide a simple, effective and automatic 
means for obtaining almost constant voltage for all normal load 
conditions. 

(2) The regulator consists mainly of a solenoid, a commutator, 
and two resistor plaques. 

(3) The solenoid coil is connected to the a-c generator, and is 
affected by voltage changes which actuate the solenoid plunger and 
also the cross arm which moves the carbon contact across the silver 
commutator, thereby adjusting the resistance of the plaques to a 
value which maintains the generator voltage. 

(4) The regulator has two electrical circuits. One consists of a 
solenoid coil, a voltage dropping resistor and an external control 
rheostat. The other consists of a voltage regulating resistor, which 
is actually the exciter field rheostat. 

(5) Both the voltage-dropping resistor, which limits the im- 
pressed voltage on the solenoid coil, and the regulator resistance, 
which adjusts the exciter field current, are embedded in and equally 
divided between the two plaques. The external control rheostat is 
not located in the regulator but is mounted separately on the switch- 
board panel. 

(6) The commutator consists of a stack of insulated silver seg- 
ments, each segment connected to a tap on the regulator resistor. 
The commutator is of a “V” shape and the carbon contact roller 
rests on the commutator at two points, thereby short-circuiting all 
of the resistance included between these two points. By moving the 
contact roller transversely across the commutator, the distance be- 
tween these two points *of contact is changed and thus the effective 
resistance of the voltage regulating resistor is adjusted. 

(7) The solenoid is of the a-c, quick-acting type and allows the 
regulator momentarily to over-correct and then find a new steady- 
state position. The contact roller is not in constant motion, moving 
only when regulating action is demanded. 

b. Theory of operation . — (1) Reference to the wiring diagram 
(figure 29) will assist in understanding the operation of the regu- 
lator. 

(2) Since the solenoid is energized from the a-c generator, any 
change in a-c voltage will cause motion of the solenoid plunger. The 
resulting motion of the arm and contact roller changes the resist- 
ance in the exciter-shunt field circuit so as to restore the a-c voltage 
to its original value. 
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(3) Assume that the load on the generator increases. The* regu- 
lating cycle then is : 

( a ) The a-c voltage decreases. 

( b ) The current in the solenoid coil also decreases, causing the 
plunger and the contact roller to move, short-circuiting segments 
of the commutator. 

( c ) As the number of segments short-circuited increases, the 
resistance of the exciter-shunt field circuit decreases. 

( d ) The exciter-shunt field current therefore increases, resulting 
in an increased exciter-armature voltage and generator field cur- 
rent, restoring the a-c voltage. 


SECTION IV— MAINTENANCE 

11. LUBRICATION. — a. High-grade, highly refined oils, cor- 
responding in body to the SAE (Society of Automotive Engineers) 
Viscosity Numbers listed below, will prove economical and assure 
long engine life. 

Summer — Above 32° F — SAE 30 (intermittent full load or sus- 
tained partial load) . 

Winter— (32° F to 0° F)— SAE No. 10. 

Below — 0° F — Dilute SAE 10 with one percent gasoline for each 
degree of temperature below 0. Dilution must never 
exceed 40 per cent. 

NOTE: Follow summer recommendation in winter if engine is 
housed in a building where the average temperature is over 50° F. 

b. Add oil regularly. — A motor which is run without oil will be 
ruined within a few minutes. Always fill the oil reservoir to the full 
mark on the oil level gauge after each 5 hours of motor operation. 
The capacity of the oil reservoir is 4 quarts. 

c. Change oil frequently. — THE OIL SHOULD BE DRAINED 
AND FRESH OIL ADDED AFTER EVERY 50 HOURS OF 
OPERATION. Remove the drain plug, located below the oil level 
gauge, and let the oil flow into a pan or other receptacle. This 
should be done while the engine is warm. Replace the drain plug, 
refill with fresh oil and replace the breather cap. Note the condition 
of the drained oil and change the oil filter element when the oil 
becomes discolored. 
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12. FUEL. — a. A good grade of fresh clean gasoline is recom- 
mended. Be sure that the small vent hole in the gasoline tank cap 
is not clogged up ; air must enter the tank to allow the gasoline to 
flow to the carburetor. Test by blowing through the vent hole in 
the top of the cap. If the fuel pump is used, the line connections 
must be tight to prevent air-lock in the line. 

b. Avoid gummy gasoline . — To avoid trouble from gum forma- 
tion, keep the tank full when not using the motor. If used only 
occasionally, drain the tank completely and refill it when the motor 
is used again. 



ow- 432 ' 
ow- 352 ' 
OW-222 
OW‘ ^€>3 


Figure 6. — Fuel filter 


13. TO CLEAN THE FUEL LINES. — Disconnect the gasoline 
line at the carburetor and also at the gas filter. Blow through the 
gas line to clear it. To clean the gas filter, first close the shut-off 
valve, 432, figure 6, and loosen the thumb screw, 460, figure 6. 
Remove and clean the glass bowl, gasket and screen. Reassemble 
the gasoline filter, using a new gasket if any leakage is noticed. 
Open the shut-off valve to see if gasoline flows freely from the tank. 

IMPORTANT: If you find a gummy varnish-like substance, alcohol 
or acetone will dissolve it. 

14. CARBURETOR. — a. Description . — The carburetor is of 
conventional float-feed type. The float chamber is built concentric 
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to the main discharge jet, thus practically surrounding the main 
metering system with fuel. This permits a supply of gasoline to be 
present at the main discharge jet even though the motor is set at 
an angle. The float used is so constructed that two halves of the 
float operate on either side of the float chamber. They are con- 
nected by means of a single lever to the float needle valve. The float 
mechanism is of the hinge type, which assures positive shut-off 
under all conditions. The carburetor is entirely sealed and all air 
for venting and bleeders is taken through the air horn. 

b. Adjustment . — The engine is governor controlled. The mix- 
ture for normal speeds is controlled by a fixed metering jet and no 
adjustments are necessary. 

(1) Fuel level. — The gasoline level in the float chamber is prop- 
erly preadjusted and should not be readjusted unless the carburetor 
has been handled roughly or the level has been changed from some 
other cause. The level is set at 15/32 inch to 17/32 inch below the 
top of the main body. If it is necessary to reset the level, it can be 
done by holding the throttle body in an inverted position and setting 
the floats to measure 1% inches from the top of each float to the 
gasket surface of the throttle body, which will give the approximate 
fuel level. 

(2) Float needle valve and seat. — The float needle valve must 
seat tightly and must be free from dirt and wear. A poorly seated 
float-needle-valve will cause leakage and too high a fuel level will 
result. A high fuel level will cause flooding of the carburetor and 
too rich a mixture. This condition also will cause hard starting, 
especially if the engine is warm from previous running. To clean 
or replace the float needle valve and seat, the float fulcrum pin, 16, 
figure 7, should be withdrawn, allowing the float to be removed. 
This will expose the float needle valve and seat. 

c. Cleaning carburetor . — ( 1 ) If any of the various passages or 
jets in the carburetor become clogged, it may be necessary to take 
the carburetor apart for cleaning. This should not be done unless 
absolutely necessary. First remove the upper half of the carburetor 
from the lower half, or main body, by removing the four small 
screws holding these parts together. The main high-speed jet, 12, 
figure 7, should then be removed. The main discharge- jet, 10, figure 
7, and the metering-jet, 13, figure 7, can then be removed with a 
screw driver. The high-speed bleeder, 9, figure 7, may likewise be 
removed. 
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(2) The idler tube, 21, figure 7, can be removed with a pair of 
pliers. The idle needle valve, 22, figure 7, can be removed by hand. 
The small plug directly over the idle needle valve, 22, figure 7. 
should be removed with a screw driver, which will expose the idle 
discharge holes, 24, figure 7. After all of these jets and passages 
have been cleaned, the parts should be reassembled, care being exer- 
cised that all gaskets are replaced and, if necessary, new gaskets 
used. Unless personnel doing this work is thoroughly familiar with 
carburetor construction, it is advisable to replace the various jets 
as they are removed and cleaned. This will prevent mistakes in 
reassembly. 

CAUTION : Do not attempt to clean jets by forcing a wire through 
them. Clean them with air. 

15. FUEL PUMP. — a. If the fuel pump is suspected of causing 
trouble, first make certain that all fuel lines and the fuel filter are 
not at fault. Check the fuel valve to be sure it is open, or the three- 
way valve to make sure it is set in the correct position for the fuel 
supply being used. 

b. If everything else has been found to be satisfactory, remove 
the fuel pump and place its intake opening in a pan of gasoline. 
With the intake opening submerged, work the rocker arm, A, figure 

16, up and down. If the pump is in satisfactory condition, fuel will 
spout from the outlet hole. If the fuel pump has been found to be 
inoperative, replace it and return the faulty pump to a higher 
echelon for repairs. 

16. AUTOMATIC CHOKE. — a. The automatic choke thermo- 
stat assembly, 21, figure 5, is preadjusted and under ordinary cir- 
cumstances it will give many months of satisfactory service. The 
heating elements, 20, figure 5, have been designed to furnish suffi- 
cient heat to provide the correct amount of thermostat tension for 
choking. Should it become necessary to replace the thermostat unit, 
the whole assembly should be renewed since the thermostat spring. 

17, figure 5, is included in the thermostat assembly as a single unit 
and replacement of the thermostat spring alone is not recom- 
mended. 

b. Thermostat setting . — When replacing the thermostat unit, 
the loop of the thermostat spring must be placed over the pin of the 
vacuum piston, link and lever assembly, 6, figure 5. (THIS OPER- 
ATION IS VERY IMPORTANT, SINCE IT IS NECESSARY 
THAT THE LOOP OF THE THERMOSTAT BE INSTALLED 
PROPERLY IN RELATION TO THE PIN OF THE VACUUM 
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PISTON, LINK AND LEVER TO OBTAIN THE CORRECT AU- 
TOMATIC CHOKE PERFORMANCE.) After the thermostat 
assembly has been attached to the automatic choke housing, the 
thermostat cover should be rotated counter-clockwise until the 
marking (*) coincides with the projection at the top of the thermo- 
stat housing. 


c. Disassembly . — 

( 1 ) Disconnect the vacuum line from the automatic choke. 

(2) Remove the thermostat cover screws and “lug” washers. 
The thermostat cover assembly can then be taken off the choke 
housing. 

(3) Loosen the locknut and remove the lockwasher. 

(4) Remove the vacuum piston assembly from the housing. 

(5) With a clean rag saturated with acetone or alcohol, thor- 
oughly clean the cylinder walls, removing any foreign material 
which may have accumulated. Blow out all of the channels with 
compressed air. 

d. Re-assevibly . — 

(1) Place the vacuum piston in the cylinder with the slot on the 
piston assembly in the down position. THIS IS VERY IMPOR- 
TANT. DO NOT USE ANY TYPE OF LUBRICANT ON THE 
PISTON OR IN THE CYLINDER. Place the lever on the choke 
stem and put on the lockwasher and locknut, fastening the nut 
securely. 


(2) Adjust as instructed in 16 b above. 

1 7.— GO VERNOR— CORRECT MOTOR SPEED.— a. The motor 
speed is automatically maintained at about 2,203 rpm under vary- 
ing loads by a centrifugal flyball governor, operated from the cam 
gear. This governor, which is bolted to the timing gear case, auto- 
matically controls the engine speed, varying the throttle opening 
through suitable linkage to suit the load. 


b. The linkage between the governor and the carburetor must 
be properly connected. The governor lever has just sufficient travel 
to give full movement to the carburetor throttle lever from open to 
closed position. When the engine is stopped, the governor lever 
position corresponds to wide open throttle position. 


c. The governor has been carefully preadjusted to maintain 
normal speed under load. Do not re-adjust it unless absolutely 
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necessary. It can be changed by reducing or increasing the tension 
of the governor spring. Turn the inner governor spring rod adjust- 
ment nut to the right, or clockwise, to increase the engine speed and 
voltage, and to the left, or counter clockwise, to reduce the engine 
speed and voltage. 

d. Be sure to tighten the outer nut after making an adjustment. 

18. IGNITION SYSTEM. — a. Application . — The magneto is 
designed and built for use with these engines, which have a firing 
interval of 180° between cylinders 1 and 3, 270° between cylinders 
3 and 4, 180° between cylinders 4 and 2, and 90° between cylinders 
2 and 1. To provide this timing, the magneto has a four-pole mag- 
netic rotor with a four-lobe cam. Four sparks are produced per 
revolution of the rotor, which runs at crank-shaft speed, in a com- 
plete cycle (two revolutions). Four sparks are used for ignition 
and four occur on the exhaust stroke. The magneto has a standard 
SAE flange mounting, but a special coupling and gear drive ar- 
rangement which requires an extended rotor shaft. 

b. Service procedure . — Do not dismantle the magneto unless it 
has been positively ascertained that the ignition spark produced is 
unsatisfactory. This condition may be determined through ignition 
spark tests which are easily made in the field. 

c. Testing the ignition spark . — To check if a satisfactory spark 
is being delivered by the magneto, remove the ignition cable from 
the plug. Hold the ignition cable terminal about Yq inch from any 
metal part of the cylinder head (keep hand on insulated part of the 
cable to avoid a shock). Turn the motor with the starter, and if 
the spark jumps this gap, the entire ignition system, with the ex- 
ception of the spark plug, is satisfactory. Check the spark plug and 
replace it if necessary. If no spark occurs, check the cable, and 
refer to the magneto adjustments. Ignition tests made while any 
part of the system is wet are useless. 

d. Testing the magneto . — Pull the ignition cables out of the 
magneto cap sockets and insert a short, stiff wire in one of the 
sockets. Bend this wire to within Ys inch of the engine block. Turn 
the engine over slowly and watch carefully for the spark discharge 
which should occur at the instant the impulse coupling releases. 
The test should then be repeated for each of the remaining termi- 
nals. When a strong spark is observed, do not dismantle the mag- 
neto. Thoroughly inspect all cables, terminals and spark plugs. If 
no spark is observed, the ignition switch should first be carefully 
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examined to be certain it has not become accidentally closed, thus 
shorting the magneto. 

e. Distributor cover removal. — In removing the distributor 
housing cover, care must be taken not to damage the gasket at- 
tached to the cover side of the joint. The distributor compartment 
should be thoroughly cleaned and the air inlet and outlet passages 
cleared. Examine the high tension lead brush and replace it if it is 
noticeably worn or damaged. This brush should move freely in its 
holder and should have a slight spring pressure. 

/. Service of breaker contact points— Contact point adjustment 
necessitates removal of the distributor housing which has a sealed 
gasket joint with the metal housing. The contact points should be 
examined for evidence of pitting or pyramiding. A small tungsten 
file or fine stone may be used to resurface the points. If the points 
are worn or badly pitted, they should be replaced. Points should be 
adjusted to have an .018 inch gap at full separation. Adjustment 
is made by loosening the round head locking screw at the upper end 
of the stationary point bracket (figure 8), then turning the eccen- 
tric head adjusting screw until the proper gap is obtained and 
locking the assembly by tightening the round head screw. Always 
recheck the adjustment after tightening the locking screw to make 
sure the adjustment has not shifted. 

g. Precautions. — Do not oil or grease the bearings or cam of the 
magneto, as the design eliminates the necessity of field lubrication. 
The cam felt wick should be replaced by a new impregnated wick if 
it becomes dry or hard. Coil and condenser replacements, while 
simple, are not recommended unless test equipment is available. 
Under no circumstances should any attempt be made to remove the 
magnetic rotor from the housing as it is locked in a special drive 
and thrust bearing and specific instructions must be carefully fol- 
lowed in releasing the shaft. When replacing the distributor hous- 
ing, a new gasket should be provided, the joint cleaned thoroughly 
and the new seal coated with sealing varnish. 

h. Radio shielded units. — On this unit, the plastic distributor 
cap and cover are replaced by an all-metal housing in which an 
insulated distributor block is mounted. Special outlets are provided 
for the high-tension leads so that connection can be made to the 
shielded cables. The primary ground terminal is located on the 
lower side of the end cap and is arranged for connection with a 
shielded cable. 
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i. Special drive gear . — The -magneto is equipped with special 
drive gears, mounted directly on the impulse coupling. The gear is 
a slip fit on the extended coupling nut, since movement of the gear 
with respect to the coupling nut (and rotor shaft) occurs during 
the impulse period. If it is necessary at any time to remove the 
drive gear, special care must be exercised in reassembly. First, 
remove the entire end cap and turn the rotor until the contact seg- 
ment is in firing position for No. 1 cylinder (figure 8). With the 
rotor in this position, fit the gear to the coupling lugs so that 
the prick-punch mark on the rim of the gear is in the position 
shown. 

j. Firing order . — The firing order of the cylinders is 1-3-4-2. 
Number 1 cylinder is the one nearest to the flywheel in the left bank 
of cylinders, when viewed from the flywheel end of the engine. 
Number 3 cylinder is the other cylinder in the left bank. Number 2 
cylinder is the one nearest to the flywheel in the right bank of 
cylinders and Number 4 is the other cylinder in the right bank. 
The cylinders are numbered 1 to 4 on the air shroud near the spark 
plugs. The flywheel end of the engine is designated as the front 
end, and the power take-off end, the rear end of the engine. 

As these engines are of the V type, the interval between firing of 
the cylinders is as follows : Crankshaft rotation between the firing 
of cylinders No. 1 and No. 3 is 180° ; between No. 3 and No. 4 is 
270°; between No. 4 and No. 2 is 180°; and between No. 2 and 
No. 1 is 90°. 

k. Magneto timing . — If it is necessary to retime the magneto, 
the following instructions will be helpful : 

(1) Remove the screen over the flywheel air intake opening by 
taking out the six screws holding the screen in place. This will 
expose the mark on the shroud for timing the magneto. See timing 
diagram, figure 9. 

(2) Remove the spark plugs from the cylinders. Then turn the 
engine over slowly with the starting crank until the compression in 
No. 1 cylinder blows the air out of the spark plug hole. 

(3) The flywheel is marked with the letters “DC” near one of 
the air circulating vanes. This vane is further identified by a mark 
cast on the end. (See figure 9.) When the air blows out of the No. 1 
spark plug hole, continue turning the starting crank until the edge 
of the marked vane on the flywheel is on line with the top center. 
The keyway at the take-off end of the crankshaft is also on top. 
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Figure 9. — Timing Diagram 



(4) The magneto should then be fitted to the engine so that the 
marked tooth on the magneto gear is visible through the opening 
in the timing gear housing as shown on the timing diagram. The 
distributor cap on the magneto is numbered from 1 to 4. The leads 
from the magneto should be connected to spark plugs of like num- 
bers, according to the engine fire number. 
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l. Spark plug adjustment .— Spark plugs should be cleaned and 
points reset to .025 inch after each 50 hours of operation. The 
porcelain prevents the spark from jumping anywhere except at the 
gap, and if it is cracked or broken, it will prevent the plug from 
firing. Water on the outside of the spark plug may permit the high 
voltage current to leak over the surface of the porcelain. Dirt or 
carbon will do the same thing. Clean the spark plug by washing 
off the carbon with gasoline, or use fine sandpaper. Points should 
be scraped or sandpapered. Always keep a spare plug on hand. 
When reassembling the spark plug to the cylinder head, put a little 
mica grease on the threads. Do not get grease on the points. The 
spark plug is shielded to prevent radio interference. 

m. Ignition cable . — The spark plug cable insulation must not be 
broken, soaked with oil or water, or grounded in any way where it 
touches the motor, as it will interfere with good ignition. The cable 
is shielded to prevent radio interference. 

19. ELECTRIC STARTER. — The starter should be checked over 
at regular intervals. A thorough inspection will include the removal 
of the starter from the bell housing, removal of the commutator 
cover band and removal of the brushes. When the brushes are 
removed, the commutator should be cleaned. 


20. BATTERY CHARGING GENERATOR.— a. The battery 
charging generator is of the ordinary 12- volt automotive type. The 
generator has a hinge-type mounting, and the belt tension is ad- 
justed by loosening the screw which holds the generator to the 
adj usting bracket and pulling the generator outward. To replace 
the battery-charging generator belts, remove the main generator 
drive belts and place the new belt over the engine drive pulley, and 
then replace the main generator drive belts. 

b. 300-hour, complete overhaul . — To completely overhaul the 
battery charging generator it should be removed from the engine 
and taken to the bench. 

(1) Remove the head band. 

(2) Remove the drive pulley and nut. To remove the pulley, use 
a press or puller. Be careful not to damage the pulley or end head. 

(3) Remove the two frame screws at the commutator end and 
slide the commutator end-plate off the armature shaft. Disconnect 
the leads at the brush. 


(4) Lift the drive end and armature out of the frame and field. 

(5) Preiss the armature shaft out of the drive-end head. 
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21. TO REMOVE AND REPLACE FLYWHEEL.— a. Remove 
the expanded metal cover over the front of the blower housing 
shroud. Remove the headless set screw, which holds the starting- 
crank engagement pin in the crankshaft, and remove the pin. 
Straighten the prongs on the lockwasher which holds the flywheel 
nut. Tap the end of the crankshaft and the flywheel will free itself. 
Remove the flywheel through the front opening of the blower 
housing. 

b. To reassemble, place the flywheel key in place on the crank- 
shaft and reverse the procedure outlined in 21 a. Be sure the fly- 
wheel locknut is locked in place by a lockwasher. 

22. CYLINDER ASSEMBLY. — a. The cylinders are cast in 
pairs of a special alloy iron. Two cylinder heads are fitted. The 
heads are made of an aluminum alloy especially suited to this kind 
of service. Both heads and cylinders are provided with ample cool- 
ing fins so that the engine will not overheat when operating at full 
load in the hottest weather. 

b. When the cylinder heads have been removed for the purpose 
of cleaning carbon or grinding valves, care should be used in replac- 
ing them. Use new gaskets if possible. Otherwise, clean the old 
ones and coat both sides with cup grease. Do not use shellac on 
cylinder head gaskets. Tighten each cap screw a little at a time so 
that the cylinder heads are pulled down evenly. Screws need be 
only moderately tight. 

23. COMPRESSION. — Proper compression is obtained when 
valves seat properly, gaskets do not leak and piston and rings are 
properly fitted When tuning up a motor, it is altvays well to check 
compression. This is done by turning the motor over quickly by 
hand. If turned slowly, sticky valves may not be detected. If a 
point of resistance is offered every half revolution, compression 
should be satisfactory. If the motor turns over without compres- 
sion resistance for a full cycle, it is possible that a worn piston or 
piston rings, leaky valves or leaky gaskets are present. See that the 
spark plugs have a gasket under them and are drawn up tight. Also 
check the cylinder head gaskets and tighten the cylinder head bolts. 

24. VALVE ADJUSTMENT. — a. To check valve clearance, 
remove the valve cover plate. The correct clearance on the exhaust 
valve is .012 inch. The clearance of the intake valve is .010 inch. 
These clearances are to be adjusted when the motor is cold. Tappet 
clearance is adjusted by means of adjusting screws on the mush- 
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room-type tappets. The end of the stem must be square with the 
stem proper. 

b. To reseat the valves, grind in the same manner as automo- 
bile valves. If the valves stick, remove gum, lead, or carbon with 
alcohol or acetone and clean the valve stems thoroughly with a wire 
brush or emery cloth. Also, scrape all carbon from other valve 
parts. 

c. Valve timing is accomplished through the camshaft gear 
train, driven off the crankshaft. These gears are properly meshed 
when the marks on the gears line up with the marks as shown on 
the timing diagram, figure 9. 

25. ' PISTON. — a. The piston in this motor is made of lynite 
aluminum alloy, which is very light in weight. The standard clear- 
ance between the piston skirt and cylinder wall is .003 inch to .0035 
inch. This clearance is to compensate for the considerable expan- 
sion of aluminum when hot. The top and second lands of the piston 
are smaller than the skirt in order to allow for greater expansion 
at the piston head. When the piston is removed, thoroughly clean 
all carbon from the piston head and ring grooves. If the piston is 
out of round or scored, it should be replaced. Four rings are fitted 
to each piston. Three are compression rings and one is an oil- 
regulating ring. 

NOTE: If the piston is badly worn or out of round, check the cylin- 
der bore. If it also shows excessive wear, have it rebored, or install 
a new cylinder before fitting a new piston. 

b. Piston rings . — The piston rings, when fitted in the cylinder, 
should have a gap of .007 inch. The rings should be fitted in the 
cylinder within the piston ring travel. Before assembling new rings 
to the piston, be sure that the piston ring grooves are thoroughly 
cleaned and that the rings move freely in the grooves. 

c. Piston pin . — The piston pin is a slip fit in the piston. To 
remove it from the piston, first remove the lock rings, then slip the 
pin out of the piston. 

26. CONNECTING ROD. — The crankshaft ends of the connect- 
ing rods are direct-babitted and fitted with laminated shims. The 
upper ends of the rods are fitted with hard bronze bushings. The 
oil streams from the oil spray nozzles must strike the fins on the 
connecting rod caps about 3/16 inch from the low end. If these oil 
streams strike the fins or connecting rods higher up, the cylinder 
will receive too much oil. 
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27. CRANKSHAFT. — The crankshaft is carried on two roller 
bearings. The cones are a tight press fit on the crankshaft. The 
outer race of the bearings at the power take-off end' of the engine 
is carried in a plate which is bolted to the crankcase. Under this 
plate, several shims are fitted for adjusting the bearings. The bear- 
ings properly fitted have no end plate when the engine is cold. It is 
seldom necessary to readjust these bearings for wear, and then the 
work should be done only by qualified personnel. 

28. CAMSHAFT. — The camshaft is made of a special alloy, with 
the cams and fuel pump eccentric an integral part of the shaft. The 
driving gear is bolted to a flange by three bolts, and the camshaft is 
carried on two babbitted bearings. 

29. OIL PUMP. — a. The oil pump is of the gear type, located 
in the bottom of the crankcase and extending down into the oil pan. 
The pump is driven by helical gears from the crankshaft through 
an idler gear. The suction opening in the oil pump is protected by 
an oil screen. 

b. Lubrication is by a combination of splash and forced feed. 
The oil is forced by the oil pump into a header which extends the 
full length of the crankcase. Four nozzles in this header direct oil 
streams against the fins on the bottom of the connecting rods, and 
the spray thus formed lubricates all internal parts of the engine. 

c. If oil leaks from either end of the crankshaft bearings, 
remove the base from the motor and inspect the oil seals. Replace 
the seals if necessary. 

30. CARBON. — Excessive carbon is caused by too much oil, 
which is usually the result of piston rings not seating properly or 
sticking, too rich a carburetor setting, or wear from long service. 
An unusual amount of carbon is indicated by the motor knocking 
or by loss of power. Occasionally, remove carbon from the valves, 
valve ports, piston head, piston rings and ring grooves, cylinder 
head and the top of cylinder bore. 

31. AIR CLEANER. — Clean the air cleaner occasionally by 
removing it and washing it in diesel oil. Test to see if it is clogged 
by blowing through it, or noting if the motor performs better with 
it off. If clogged, it should be replaced. Keep the oil level up to the 
beading. Note instructions on the air cleaner label. 

32. MUFFLER. — After long periods of service, it is possible 
that the muffler will become clogged to the point where it will affect 
the motor’s power. To check the muffler, unscrew it from the motor 
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and run water into the open end of the muffller. If full streams of 
water come out of the other end, it is not clogged up and need not 
be replaced. 

33. A-C GENERATOR. — a. To obtain maximum efficiency 
from the generator, attention must be given to the generator bear- 
ings, commutator and brushes. 

b. The generator bearings must be greased with a semi-fluid 
grease at least once every 700 hours of service. Pressure lubricat- 
ing fittings are provided for filling the reservoirs. Where the power 
unit is being operated for long periods, as in continuous service, 
these points hiust be checked more frequently. 

c. To adjust the generator belt tension, loosen the four nuts on 
the bolts which pass through the generator seat. Turn down the 
adjusting nuts under the generator seat until the belts are tight, 
then turn down the nuts on top of the generator seat. Make sure 
these nuts are pulled down tight at all times. 

d. Keep the unit clean and free from oil and dirt, to avoid the 
possibility of fire. 

e. The commutator is that part of the armature on which the 
brushes make contact. An inspection of the commutator should be 
made at regular intervals and any accumulated carbon, dust or dirt 
removed. The commutator should never be oiled and should be kept 
perfectly clean. If the commutator becomes gummy or sticky, it 
may be cleaned with a cloth moistened with diesel oil. If the com- 
mutator has become burned by arcing brushes, due to dirt or stick- 
ing, a strip of No. 00 sandpaper may be used to dress the com- 
mutator. 

WARNING: Never use emery cloth to dress the commutator. 

/. Mica is used for insulation between the commutator seg- 
ments. When the armature is constructed, the mica is cut away, or 
under cut, to a depth of about 1/32 inch below the surface of the 
segments. In time, the segments will wear down to thp level of 
the mica. If the mica is even with, or projects above, the commu- 
tator segments, it should be cut away (under cut) to a depth of 
about 1/32 inch (see figure 10). A broken hack saw blade, with the 
sides ground to the width of the mica, is a good tool for this purpose. 

g. After long service, the commutator and collector rings may 
become burned or roughened. In such a case, the armature should 
be removed, and the commutator and collector rings turned on a 
lathe. It will be necessary to under cut the mica after turning. 
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h. NOTE: Under cutting the mica and turning down the com- 
mutator should not be attempted by other than qualified personnel. 
The generator brushes should receive attention at regular intervals. 
The brushes must fit in their holders so that they are free to slide 
without sticking or binding, yet not so loose that they will chatter 
or get out of alignment. The brushes should press firmly against 
the commutator, as good contact is essential. If dirty, the brushes 
may be withdrawn from their holders and cleaned with solvent 
P-S-661A. Allow all parts to dry thoroughly before reinstalling. If 
the brushes appear badly worn, replace them. The ends of the 
brushes must be fitted to the commutator and collector rings on 
which they ride. 

i. To fit new brushes, or reseat old ones, cut a strip of No. 00 
sandpaper the width of the brush. Insert the sandpaper with the 
brush resting on the sanded surface and pull it in the direction of 
rotation. Do not pull it back and forth. Repeat this operation until 
the brush is properly seated. See figure 10. The spring tension 
should be sufficient to press each brush against the commutator 
with uniform tension. It is very important that each brush have an 
equal pressure. If one of the springs is too weak, the opposite brush 
will have to take more than its share of the load, and sparking and 
damage to the commutator and collector rings will result. NOTE : 
In general, the above instructions also apply for the battery-charg- 
ing generator. 

CAUTION : Always lift brushes in their holders to clear the com- 
mutator when removing or installing the armature. 

j. The generator bearings have pressure-gun fittings (31, figure 
26) . Be sure to keep enough grease in the bearings. Avoid an ex- 
cess as it will cause difficulty by getting on the brushes. 

34. AUTOMATIC REGULATOR MAINTENANCE.— a. Other 
than keeping it free from dust, dirt and moisture, the automatic 
voltage regulator requires very little attention. Don’t attempt to 
oil or otherwise lubricate any part of the regulator. 

b. The contact roller presses on the silver commutator with a 
pressure of 100 grams. This value is carefully preadjusted and 
should not require further adjustment. Do not lift the contact 
roller from the commutator, as the contact pressure spring may be 
over-stressed, thereby reducing the contact pressure. Never touch 
the contact roller while the regulator is operating as arcing will 
occur at the point of contact, causing the commutator surface to 
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Figure 11. — A-C generator voltage regulator 
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become roughened. Polish the surface lightly with jeweler’s rouge 
cloth or crocus cloth. After polishing, be sure to remove all traces 
of rouge from the surface of the commutator. After the regulator 
has been operating a short time, a fine black line will appear along 
the point of contact on the commutator. This is a normal condition. 

c. The regulator is preadjusted and should require no adjust- 
ment after installation. If for any reason adjustment is necessary, 
do not attempt to adjust the magnetic core. Any necessary adjust- 
ment should be made by means of the solenoid spring. For greater 
regulator sensitivity, the spring is moved to a lower position on the 
holder. Raising it to a higher position decreases the sensitivity and 
increases the stability of the regulator. 

d. After any spring adjustment, the coil current should be 
checked and the spring reset if the current is more or less than its 
normal value of 0.4 amp. To reset the spring, loosen the spring 
holder adjusting screw and slide the holder forward or backward, 
thus decreasing or increasing the spring tension. 

e. In making any necessary readjustments to the regulator, an 
a-c ammeter must be used. Connect it in series with either terminal 
“A” or “B” to measure the solenoid coil current. 

35. OVERHAULING— a. Power Unit PE-99-B should be 
overhauled about every 1,000 hours of operation. Follow previous 
instructions given as to proper methods of assembly. 


b. Clearances . — 

Connecting rod clearance 001 to .002 in. 

Piston pin clearance 0005 to .001 in. 

Camshaft 

Small bearing clearance 002 to .004 in. 

Large bearing clearance 002 to .0035 in. 

Valve stem diameter 003 to .005 in. 

Tappet stem diameter 0005 to .0025 in. 

Tappet clearance 

Cold 

Inlet 010 in. 

Exhaust 012 in. 

Idler gear 0005 to .002 in. 

Spark plug cap , 025 in. 

Magneto breaker 

Point opening 020 in. 

Piston clearance 003 to .0035 in. 
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Firing order : 1-3-4-2 
Interval of Firing: 

No. 1 to No. 3 cylinder — 180° 

No. 3 to No. 4 cylinder — 270° 

No. 4 to No. 2 cylinder — 180° 

No. 2 to No. 1 cylinder — 90° 

36. DISASSEMBLY AND ASSEMBLY OF CONNECTING 
ROD, PISTON, ETC. (FIGURE NO. 12).— a. Remove the top and 
rear panels before attempting to work on the engine. 

b. Remove bottom cover. 

c. Remove cylinder shroud cover and cylinder heads. 

d. Through the bottom opening of the crankcase, the connecting 
rod bolt nuts can be removed which will permit removal of the con- 
necting rod caps. The piston and connecting rod assembly can be 
pushed out through the top of the cylinder bore. This can be done 
without removing the engine from the base. 

e. To remove the piston from the rod, remove the piston pin 
snap rings and drive out the piston pin. 

/. Reassemble in the reverse manner. 

g. Observe the following clearances for correct assembly : 

Piston clearance in the bore for cast iron pistons (This is 
measured at the bottom of the skirt) . .003 to .0035 in. 


Crank pin 001 to .002 in. 

Connecting rod piston end 0005 to .001 in. 

Connecting rod side clearance 004 to .011 in. 


37. DISASSEMBLY AND ASSEMBLY OF OIL PUMP.— a. 
Remove the flywheel. 

1. Remove the set screw and drive out the crank pin. 

2. Remove the flywheel nut. 

3. With a babbitt hammer or brass bar, hit the crankshaft a 
sharp blow to loosen the flywheel, which fits on a taper. An ordi- 
nary hammer may be used with a hardwood block held against the 
shaft to receive the blow. 


b. Remove the flywheel shroud and gear cover. 

1. Before the gear cover is pulled off the shaft, be sure to remove 
the flywheel key. 

c. Remove the oil pump gear by loosening the nut which is 
locked in place with a cotter pin. 
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1. The oil pump gear drives the oil pump shaft by means of a 
woodruff key. After the nut is removed, the gear can be pulled off. 

d. To remove the oil pump from the crankcase, remove the 
screw through the hole in the engine support and withdraw the oil 
pump assembly through the crankcase opening. The oil pump is 
fitted into a bored opening in the crankcase and is held in proper 
location by a set screw. 

e. The oil pump cover is fastened with round head screws that 
can be removed to expose the oil pump gears. 

f. The idler gear fits over the idler gear pin. 

g. A relief valve is built into the oil pump cover. The relief 
valve ball is held in position and holds the pressure by means of a 
spring. Be sure in re-assembling that this relief valve functions. 

h. To re-assemble, follow the reverse procedure. 

i. The oil pump gears should have .002 inch to .0035 inch clear- 
ance in the bore. 

38. DISASSEMBLY AND ASSEMBLY OF CYLINDERS 
(FIGURE NO. 12). — a. Remove the governor rod, gasoline con- 
nection and choke connection to the carburetor. 

b. Remove the nuts on the studs and lift off the manifold as- 
sembly with the carburetor. 

c. Remove the nuts on the studs and remove the manifold from 
the cylinder block. 

d. Remove the cylinder hold-down stud nuts and remove the 
entire cylinder block and valve assembly. 

e. Re-assemble in the reverse order. 

/. Observe the following clearances for correct assembly : 


Valve stem clearance 003 to .005 in. 

Tappet clearance cold, exhaust 012 in. 

Tappet clearance cold, inlet 010 in. 


39. DISASSEMBLY AND ASSEMBLY OF CAMSHAFT 
(FIGURE NO. 12). — a. The tappets will have to be held up so 
they will clear the camshaft lobes. The camshaft and camshaft 
drive gear can then be withdrawn from the gear cover end of the 
engine after removing the fuel pump. To remove the fuel pump, 
remove the two hollow-head cap screws holding the fuel pump 
adapter and fuel plunger in place and lift them out. 
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b. Re-assemble in the reverse order, being sure that the cam- 
shaft thrust pin and camshaft thrust pin spring are in place before 
the gear cover is re-assembled. 

c. The following clearances should be observed for correct as- 


sembly : 

Camshaft front bearing 002 to .0035 in. 

Camshaft rear bearing 002 to .0035 in. 

Valve tappet Clearance in crankcase 005 to .0025 in. 


40. DISASSEMBLY AND ASSEMBLY OF GOVERNOR.— a 
Remove the oil line to the governor and disconnect the governor rod 
and governor spring. 

b. Remove the governor housing cap screws to withdraw the 
housing and cross-shaft assembly. 

c. The governor gear and assembly can be withdrawn after the 
housing is removed. 

d. The governor thrust bearing and thrust sleeve is an assembly 
and, if replacement is required, it is to be handled as such. Do not 
attempt to assemble parts in the field as this is very important for 
proper governor regulation. 

e. To re-assemble, follow the reverse procedure. Be sure that 
the spring is connected exactly as before disassembly. 


41. DISASSEMBLY AND ASSEMBLY OF CRANKSHAFT.— 
a The bearing plate must be removed. With the flywheel and gear 
cover off, and with the connecting rod disassembled, the entire 
crankshaft can be withdrawn through the bearing plate opening on 
the take-off end of the engine. 

b. The roller bearing inner race is pressed onto the crankshaft, 
while the outer race is pressed into the bearing plate on the take- 
off end. The outer race of the bearing on the cranking end is pressed 
directly into the crankcase and held in place by a retainer ring. 

c. If necessity requires replacement of bearings, the complete 
bearing should be changed and not just the inner or outer race. 

d. To re-assemble, follow the reverse procedure. 

e. The crankshaft bearing should be fitted so that the bearings 
have an end play of approximately .006 inch. The amount of end 
clearance is governed by shims. By driving the crankshaft from 
one side to another, the end f>lay can be easily felt. 
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42. CYLINDER FIRING SEQUENCE.— 

Firing order : 1-3-4-2 
Interval of firing: 

No. 1 to No. 3' cylinder — 180° 

No. 3 to No. 4 cylinder — 270° 

No. 4 to No. 2 cylinder — 180° 

No. 2 to No. 1 cylinder — 90° 

43. SERVICE CHART. — a. Daily service . — 

( 1 ) Check fuel supply — fill tank. 

(2) Check fuel tank air vent. Make sure it is clear. 

(3) Check lubricating oil. Replenish if necessary. 

(4) Wipe off any fuel or oil spilled in filling. 

* (5) Check the air cleaner. Replenish oil if necessary. 

(6) Check all connections. Tighten if necessary. 

* NOTE : In dusty locations, wash the air filter in diesel oil and 
refill with oil daily. 

b. Weekly service . — 

(1) Make all checks listed under daily service. 

(2) Remove spark plugs, check for proper gap and clean. 

(3) Check valve adjustment. Readjust if necessary. 

(4) Drain crankcase and refill with clean oil. 

(5) Check all nuts, bolts, screws and other fastenings. Tighten 

if necessary. * 

(6) Remove, clean and refill air cleaner. 

c. Monthly service . — 

(1) Make all checks listed under daily and weekly service. 

(2) Check ignition breaker points. Clean and readjust if neces- 
sary. 

(3) Remove, clean and replace fuel filter. 

(4) Lubricate all moving control parts. 

(5) Inspect generator commutator. Clean if necessary. 

(6) Inspect generator brushes. Clean or replace if necessary. 

(7) Remove blower housing and air ducts. Clean all air passages 
and cooling fins. 

(8) Inspect drive belts. Adjust if necessary. 

(9) Check engine compression. 

d. Half yearly service . — 

(1) The entire unit should be returned to a depot for general 
inspection. 
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44. STORAGE. — a. Limited service precautions . — 

(1) When unit is to be shut down for long periods (one or more 
days), stop it by shutting off the fuel supply instead of using the 
stop button. 

(2) Keep the fuel tank full. 

(3) Operate the unit, under load, at least once a week. 

6. Prolonged storage . — 

(1) When the unit is to remain out of service for prolonged 
periods, stop the unit as in a above. 

(2) Disconnect the fuel line and drain the fuel tank. 

(3) Remove the spark plugs, pour a small quantity of oil into 
cylinders through spark plug holes, turn engine over once or twice, 
replace spark plugs. 

(4) Remove old oil from crankcase and air filter. 

(5) Plug up exhaust outlet. 

(6) Stop up crankcase breather and carburetor air intake. 

(7) Coat exposed moving parts with cup grease. 

(8) Protect unit from dampness by suitable covering. 

c. Removal from storage . — 

(1) Remove protective covering. 

(2) Remove plug from exhaust outlet. 

(3) Remove material used to stop up breather and carburetor air 

intake. ♦ 

(4) Thoroughly clean the outside of the unit. Remove all grease 
used to coat moving parts. 

(5) Remove spark plugs and crank unit several times. 

(6) Clean spark plugs and replace or install new spark plugs. 

(7) Fill crankcase with clean oil. 

(8) Fill air cleaner with clean oil. 

(9) Fill fuel tank. 

(10) Check fuel filter and fuel lines for leaks. 

(11) Check all wires and fastenings. Tighten if necessary. 

(12) Follow instructions for starting the unit (Paragraph 4, d) . 
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45. TROUBLE CHART — ENGINE. — 


Symptom 

a. Engine will 
not start. 


b. Engine dif- 
f i cult to 
start. 
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stops. 


Cause 

(1) Manual start switch in 
wrong position. 

(2) Lack of fuel. 

(3) Fuel line clogged. 

(4) Foreign matter in fuel. 

(5) Magneto defective. 

(6) Automatic choke defec- 
tive. 

(7) Ignition short circuited. 

(8) Ignition wire broken. 

(9) Defective fuel pump. 

(10) Governor not working. 

(1) See 3, 4, 6 and 10 above. 

(2) Carburetor clogged. 

(3) Air leak in intake mani- 
fold. 

(4) Loose cylinder head. 

(5) Cylinder head gasket de- 
fective. 

(6) Fouled or defective spark 
plugs. 

(7) Air intake filter clogged. 

(8) Muffler clogged. 

(9) Valves not seating prop- 
erly. 

(10) Worn piston and/or 
rings. 

(11) Faulty lubrication. 

(12) Fuel tank vent clogged. 

(13) Breaker points pitted or 
out of adjustment. 

(1) Out of fuel. 

(2) Foreign matter in fuel. 

(3) Ignition wire broken or 
short circuited. 

(4) Lack of oil. 


(5) Fuel tank vent clogged. 

(6) Fuel pump defective. 

(7) Fuel line clogged. 

(8) Fuel line broken. 
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Remedy 

Set switch so arrow 
points to the right. 

Refill fuel tank. 

Remove and clean fuel 
line and filter. 

Clean out fuel system 
and refill with clean fuel. 
See paragraph 18. c. 

See paragraph 16. 

Check wiring for short. 
Check wiring for break. 
See paragraph 15. 

See paragraph 17. 


See paragraph 14. c. 
Check for leak. Replace 
gasket and tighten. 
Tighten head. 

Replace gasket. 

Clean or replace plugs. 
Clean air filter. 

Replace muffler. 

See paragraphs 23 and 

24. 

See paragraphs 23 and 

25. 

See paragraph 29 and 
check lubrication. 

Remove fuel filler cap 
and blow through vent. 

See paragraph 18. /. 

Fill fuel tank. 

See a, 4 above. 

Check ignition wiring. 

If engine stops from lack 
of oil, notify higher eche- 
lon. 

See b, 12 above. 

See paragraph 15. 

See a, 3 above. 

Check fuel line. 
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45. TROUBLE CHART— ENGINE.— (Cont.) 

Symptom Cause Remedy 


d. E n g i n e (l) 

lacks power . (2) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 

(9) 

e. Engine mis- (l) 

firing. 

(2) 

(3) 

(4) 

(5) 

/. Explosions (i) 
in carbure- 
tor. (2) 

(3) 

(4) 

(5) 

g. E xc essive (i) 
smoke from 

exhaust. 

(2) 

(3) 

(4) 


Overload on generator. 
Engine overheated. 

Improper lubrication. 

One or more spark plugs 
fouled or defective. 
Faulty carburetion. 
Muffler clogged. 

Poor compression. 

Improper timing. 

Air cleaner clogged. 


One or more spark plugs 
fouled or defective. 
Magneto breaker points 
pitted or out of adjust- 
ment. 

Defective ignition wir- 
ing. 

Valves sticking or not 
seating properly. 
Improper fuel mixture. 

Carburetor float level too 
low. 

Fuel line obstructed. 

Intake valve sticking or 
not seating properly. 

Air leak in intake mani- 
fold. 

Engine out of time. 
Lubricating oil too light. 

Choke stuck in closed 
position. 

Carburetor float level too 
high. 

Worn cylinder, piston or 
piston rings. 


Check and reduce load. 
Check oil and air pas- 
sages. 

Check oil and make sure 
oil pump is working. 
Clean or replace faulty 
spark plugs. 

See paragraph 14. 
Replace muffler. 

Check for cause. See 
paragraph 23. 

See paragraph 18. fc. 
Remove and clean *air 
cleaner. 

Clean or replace faulty 
spark plugs. 


See paragraph 18. /. 
Check wiring and correct 
fault. 

See paragraphs 23 and 
24. 

See paragraph 14. 


See paragraph 14. 6. 
Check fuel line and filter. 
Remove and clean both. 
Check valves and correct 
fault. 

Check for leak and rem- 
edy fault. 

See paragraph 18. k. 

See lubrication chart. 
Drain and refill with cor- 
rect oil. 

Check choke and correct 
fault. 

See paragraph 14. 6. 
Check compression and 
return unit to higher 
echelon if compression is 
poor. 
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45. TROUBLE CHART — ENGINE. — ( Cont. ) 


Symptom 

(5) 

( 6 ) 


(7) 

h. E n g i n e (l) 
knocks. 

(2) 


(3) 

(4) 

(5) 

( 6 ) 


(7) 

( 8 ) 

i. Engine over- (l) 

heats. 

. ( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 


( 8 ) 

(9) 


Cause 

Excessive oil in base. 

Worn connecting rod 
bearings. 


Carburetor float or float 
valve sticking. 

Lack of oil. 

Engine overheated. 


Excessive carbon in cyl- 
inders. 

Worn wrist-pin or con- 
necting rod. bearings. 
Cylinders and/or pistons 
and rings worn. 

Loose flywheel. 


Ignition timed too early. 
Low octane fuel. 

Cooling air in take ob- 
structed. 

Lack of ventilation. 

Cooling fins or air pas- 
sages clogged or dirty. 
Overload on unit. 
Ignition timing late. 
Muffler clogged. 

Improper lubrication. 


Valve tappets not prop- 
erly adjusted. 

Choke not opening prop- 
erly. 


Remedy 

Check oil and drain any 
excess. 

Rock against compres- 
sion with hand crank and 
feel for play. Return to 
higher echelon if bear- 
ings seem at fault. 

See paragraph 14. 6. 

Check oil supply. Re- 
plenish with correct oil. 
Check generator load, 
cooling passages, oil sup- 
ply and ventilation. Cor- 
rect fault. 

See paragraph 30. 

See g . 6 above. 

See g. 4 above. 

Rentbve air shroud and 
rock flywheel by hand. 
Play will be apparent. 
Tighten nut. If fault 
not corrected, return to 
higher echelon. 

See paragraph 18. k. 
Drain fuel and refill with 
higher octane. 

Clear any obstruction. 
Provide better ventila- 
tion. 

Clean fins and air pas- 
sages. 

Check and reduce load. 
See paragraph 18. fc. 
Replace muffler. 

Check lubrication. If un- 
able to detect fault, re- 
turn unit to higher eche- 
lon. 

See paragraph 24. 

Check choke and correct 
fault. 
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46. TROUBLE CHART— GENERATOR. 


Symptom 

a. No a-c out- (l) 
put. 

(3) 

(4) 

(5) 

( 6 ) 

(7) 


Cause 

Commutator dirty. 
Brushes not making con- 
tact. 

Open field coil. 

Open or shorted arma- 
ture. 

Burned out rheostat. 
Circuit breaker OFF or 
defective. 

Broken or loose wires. 


(8) Field wire to resistance 
unit open or shorted. 

6. Low a-C OUt- (1) Unit not up to speed. 
put . 

(2) Commutator dirty. 

(3) Commutator mica high. 

(4) Short circuit in power 
line. 

(5) Brushes not seating. 

• (6) Field coil grounded. 

( 7 ) Rheostat not properly 
adjusted. 

(8) Defective filter conden- 
ser. 

(9) Generator drive belts 
slipping. 

C. Arcing at (1) Commutator dirty. 

brushes. (2) High mica on commuta- 

tor. 

( 3 ) Brushes not seating prop- 
erly. 


d. Interference (l) Defective filter. 

with radio 
reception. 

(2) Loose electrical connec- 
tions. 

(3) Loose ignition shielding. 
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Remedy 

See paragraph 33. e . 

See paragraph 33. i. 

See figure 10. 

See figure 10. 

Check circuit breaker. 
Check wiring and correct 
fault. 

Check wiring and correct 
fault. 

Check speed of unit and 
correct. 

See paragraph 33. e . 

See paragraph 33. /. 
Check power line and 
correct. 

See paragraph 33. i. 

See figure 10. 

Correct adjustment. 
Check filter and correct 
fault. 

Check belt tension and 
adjust. 

See paragraph 33. e. 

See paragraph 33. /. 

See paragraph* 33. t. 

Check condensers in fil- 
ter. Make necessary re- 
placement. 

Check and tighten all 
electrical connections. 
Check and tighten all 
shields. 
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Figure 13. — Engine, magneto-side view 
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Figure 15.— Engine, power take-off end 
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Figure 19. — Automatic choke disassembled 
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1. Power Cable Plug 

2. Power Cable 

3. Remote Control Cable 

4. Remote Control Switch 

5. Muffler 

6. Gas Line 

7. Flexible Exhaust Line 

8. Engine Crank Handle 


Figure 28. — Cable reels and accessories 
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SECTION V 


49. NAMES OF MANUFACTURERS.— 

Wisconsin Motor Corporation, Milwaukee, Wisconsin (A) 

Ward Leonard Electric Company, Mount Vernon, New York. . . (B) 

Electric Autolite Company, Toledo, Ohio (C) 

R. W. Cramer Company, Centerbrook, Connecticut (D) 

Bendix Stromburg Company, South Bend, Indiana (E) 

United Specialties Company, Chicago, Illinois (F) 

J. B. T. Instrument Inc., New Haven, Connecticut (G) 

Globe Union Inc., JMemphis, Tennessee (H) 

Guardian Electric Mfg. Company, Chicago, Illinois (I) 

Leeee-Neville Company, Cleveland, Ohio (J) 

United Motors Service Corporation,* Detroit, Michigan (K) 

American Pulley Company, Philadelphia, Pennsylvania (L) 

John R. Hollingsworth Corporation, Clifton Heights, Penna. . . . (M) 

Globe Union Inc., Milwaukee, Wisconsin (N) 

Novelty Electric Company, Philadelphia, Pennsylvania (0) 

Whitaker Battery Supply Company, Kansas City, Missouri (P) 

Westinghouse Electric and Mfg. Company, Philadelphia, Penna. (Q) 

Gates Rubber Company, Denver, Colorado (R) 

American Custom Built Motors, Chicago, Illinois (S) 

Automotive Specialty Corporation, Brooklyn, New York (T) • 

Burlington Instrument Company, Burlington, Iowa (U) 

Nelson Muffler Corporation, Stoughton, Wisconsin (V) 

Shallcross Mfg. Company, Collingdale, Pennsylvania (W) 

Stewart- Warner Corporation, Chicago, Illinois (X) 

Vibration Eliminator Corporation, Astoria, L. I., New York. . . . (Y) 
Thomas P. Skelly Bolt Company, Philadelphia, Pennsylvania. . . (Z) 
Fairbanks-Morse Company, Chicago, Illinois (A-l) 
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